Objective: Three commonly used Antihelmenthic drugs including Dormectin (0.2 mg/kg), Ivermectin (0.2 mg/kg) and Levamisole (7.5 mg/kg) were examined for their antihelmenthic efficacy against experimental Trichinella spiralis infection in rats. Methods: One hundred and twenty rats were orally infected with 500 T. spiralis larvae. Drugs were tested against adult worms at 4 th day, against migrating larvae at 10 th days and against encysted larvae at 35 th day post infection (dpi). Rats were sacrificed five days post treatment. Mature worms and migrating larvae counts were detected. Results: Significant effect was detected in rats treated with Dormectin and Ivermectin compared to non-treated controls. Dormectin showed an efficacy of 97.75% and 86.23% in eliminating both mature worms and migrating larvae respectively. Ivermectin showed an efficacy of 94.99% and 83.85% respectively. However, Levamisole was the least effective drug; its efficacy was 4.83% and 3.57% against mature worms and migrating larvae respectively. Conclusion: All of the tested drugs failed to inhibit the encysted larvae in the diaphragms. Moreover, T. spiralis infection in rats reduced significantly the values of total proteins, and albumin while globulin, urea and creatinine values were significantly increased together with AST and ALT activities. (Turkiye Parazitol Derg 2011; 35: 86-91) 
INTRODUCTION
Trichinellosis is an important zoonotic disease world-wide caused by ingestion of meat infected with nematodes of genus Trichinella (1) . Trichinella spiralis is the most pathogenic and prevalent species causing disease in man. Eight other species were recorded causing disease in different countries worldwide (2) . Human infection with T. spiralis is due to ingestion of infected pork. Recently; bears, walruses and horses have been reported as important sources of infection (3) . Moreover, some flesh flies (such as Sarcophaga species) (4) , and cockroach (6) , play a role as paratenic? hosts in accidentally transmission of this parasite. Adult worms inhabit the upper part of small intestine, while larvae inhabit skeletal muscles. In rats, development of T. spiralis larvae to the adult stage is rapid (4-5 days post infection). Capsule formation in the diaphragm starts 13 days post infection and completed within 5 weeks post infection (7) . Diagnosis of trichinellosis is achieved by detection of adult worms in stool during the intestinal phase and by finding the encapsulated larvae in muscle biopsies. Recently, by using PCR technology, great improvement was recorded concerning diagnosis of infection (1, 5) . However; only few studies were developed on treatment protocols of infected cases. In this respect, data from the literature are scarce and focused mainly on the efficacy of some antihelminthic drugs against encysted larvae only (8). The need for an effective compounds for the prevention and treatment of trichinellosis in animals and human has led to the testing of other drugs which are clinically effective against most other nematodes. Consequently, this study aimed to evaluate the efficacy of Dormectin, Ivermectin and Levamisole on different stages of T. spiralis infection in rats with special reference to biochemical changes in their serum.
MATERIALS AND METHODS

Drugs:
• Dormectin (Dectomax) was available as 1% injectable solution, Pfizer, Egypt.
• Ivermectin (Ivomee) was provided by MSD AGVET Division of Merk Sharp & Dohme Ltd, Holland as 1.0% injectable solution.
• Levamisole (Pamisol-L) was obtained as 10% injectable solution, Ozzano Emilia-(Bologna) Italy.
Dormectin, Ivermectin and Levamisole were injected subcutaneously in single therapeutic doses of (0.2, 0.2 and 7.5 mg/kg b.wt.) respectively.
Parasite: T. spiralis larvae were isolated from the diaphragms of infected pigs obtained from Cairo Abattoir.
Preparation of the inoculums (5):
Heavily infected pig diaphragms were cut into small pieces and manually mixed. These pieces were digested with artificial digestion fluid (1%pepsin, W/V & 1% HCL, V/V). By the end of the digestion process, larvae were collected using Baermann technique in phosphate buffer saline (3). Sediment of larvae was separated in clean Petri-dishes, washed in phosphate buffer saline and the number of larvae per ml. solution was calculated.
Animals: One hundred and fifty albino rats of (150-180 gm.b.wt.) were obtained from The Laboratory Animal Colony, Helwan, Egypt. The animals were parasite free and kept on dry rations and controlled water source. One hundred and twenty rats were infected orally with 500 larvae/ rat.
Experimental Design: Infected rats were divided into 4 groups with 30 rats in each. The first group was infected but left without treatment as a control. The second, third and fourth groups had single subcutaneous doses of Dormectin, Ivermectin and Levamisole (0.2, 0.2 and 7.5 mg/kg b.wt, respectively). The other 30 rats were kept as the non-infected non treated group.
Experiment was divided into three phases:
• Phase One: Ten rats from groups II,III & IV were given medication at the 4 th day post-infection. Five rats from all groups (I,II,III IV & V) were sacrificed 5 days post treatment to detect the effect of drugs on mature worms in the intestine.
• Phase Two: Ten rats from groups II, III & IV accepted medication at the 10 th day post-infection. Five rats from all groups (I, II, III IV & V) were sacrificed 5 days post treatment to detect the effect of drugs against migrating larvae.
• Phase Three: Ten rats from groups II, III & IV were treated at the 35 th day post-infection. Five rats from all groups were sacrificed 5 days post treatment to detect the effect of antihelminthic drugs against encysted larvae.
The remaining 5 rats from each group were kept for 30 days after medication. Blood samples were taken from them to explore the effect of infection and medications on serum enzymatic activities and some serum constituents.
Parasitological Examination: For counting the number of adult worms, the small intestine of each rat was excised and transferred to a large Petri-dish containing normal saline solution and divided into 3 parts. Each part was evacuated by the aid of water current then opened longitudinally with fine scissors. The intestinal wall was scratched to collect embedded worms in the mucosa. Encysted larvae were diagnosed primarily by trichinoscopy. Diaphragms were then artificially digested (9) . Recovered motile larvae were counted using a stereo microscope at low power.
The antihelminthic effect of each drug was evaluated by calculating the mean number of living worms per rat. The total number of larvae in each rat digest was also counted. From these, the mean number of motile larvae per rat was calculated. Moreover, the efficacy of each drug was calculated according to the equation (2):
Efficacy % = A-B X 100 A Where: A = Number of worms or larvae extracted from control animals. B = Number of worms or larvae extracted from treated animals.
Biochemical Examination: Blood samples were collected 30 days after each medication from the orbital plexus of the control group and infected rats. Samples were left to clot at room temperature for 20 minutes, then centrifuged at 1500 r.p.m. Obtained sera were collected and used to determine the values of total proteins, albumin and globulin (10) . The activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) and levels of urea and creatinine were estimated in serum (11) .
Differences between means were compared using the student's t-test (12).
RESULTS
Effect on mature worms:
The mean number of living T. spiralis worms per rat (w.p.r) and the efficacy percentage of the tested antihelminthic drugs are shown in Table 1 . Mean worm count for control group was greater than 115 (w.p.r) The mean number of living worms in the intestine of rats treated with Dormectin (2.6 w.p.r) and Ivermectin (5.8 w.p.r) was significantly lower than in non-treated control rats (115.8 w.p.r), suggesting a 97.75%, 94.99% and 4.83% efficacy respectively against the parasite . All Dormectin and Ivermectin treated rats harbored dead worms or fragments of dead worms. In the Dormectin-treated group, 2 of 5 rats were free from worms and one had an abnormal living male worm. There was no significant difference between the control and Levamisoletreated rats, as their mean w.p.r were 115.8% and 110.2% respectively.
Effect on Migrating Larvae:
The effect of Dormectin, Ivermectin and Levamisole on the number of migrating T. spiralis larvae in diaphragms of rats when injected at the 10 th day postinfection was shown in ( Table 2 ). At that time, the number of motile larvae recovered at necropsy of each animal reflected the number of migrating larvae per rat. The number of larvae found in diaphragms of the non treated rats was generally high and all were infected. Compared to the control group, marked reductions in the number of larvae that succeeded in reaching the diaphragms were observed after administration of Dormectin and Ivermectin at the 10 th day post-infection (Efficacies were 86.23% and 83.85% respectively). No significant reduction in the number of motile larvae was observed after Levamisole medication, its efficacy was 3.57% 3. Effect on Encysted Larvae: The number of encysted larvae found in diaphragms of control and all medicated groups were generally high ( Table 2 . Effect of the tested Drugs on migrating larvae of T. spiralis when injected at 10 th day post-infection (n=5)
Effect on Serum Constituents and Enzymatic Activities:
The mean value of serum biochemical data of infected and noninfected groups evaluated 30 days post-treatment was shown in (Tables 4-6 ). The results revealed a highly significant increase in the activities of AST and ALT in the infected non-treated rats. Urea and creatinine levels also showed a highly significant increase over all the experimental periods.
When injected at 4 th and 10 th days post infection, Dormectin, Ivermectin (but not Levamisole) reduced the abnormal activities of AST and ALT in serum of infected rats. Moreover, they significantly decreased the abnormal levels of urea and creatinine in their serum. Dormectin, Ivermectin and Levamisole did not improve the altered parameter in rats injected at the 35 th day post infection day.
Experimental infection of rats with T. spiralis produced a highly significant decrease in the levels of total proteins and albumin in serum, while the globulin value was increased. The obtained results showed that the tested drugs did not improve the altered parameters when injected at the 35 th day post-infection.
DISCUSSION
Trichinellosis is a zoonotic disease capable of infecting all mammals, including man. Infection has been diagnosed in most parts of the world (1).The severity of the disease, together with lack of an established treatment for that parasite, directed attention towards investigating the antiparasitic effect of Dormectin, Ivermectin and Levamisole on experimental trichinellosis in rats. The obtained results indicated that Dormectin and Ivermectin were effective in removing the mature worm burden of T. spiralis, while Levamisole remained ineffective. Similar studies reported that cattle and calves were completely cured from nematode infection after treatment with a single dose of Dormectin and Ivermectin respectively (13) . The antihelminthic activity of Avermectin could be attributed to modulating GABA-gated chloride channels which are more accessible in nematodes than in vertebrates (14) . However, numerous studies reported high efficacy of Levamisole against nematodes in different animals (15) . Results obtained from this study confirmed the presence of Levamisole resistance occurring simultaneously in some species of round worms. Many reports described the antihelminthic resistance by nematodes (16) . Resistance to Levamisole has only been reported in Ostertagia ostertagi (17) . This study revealed a high number of migrating larvae that succeeded in reaching the diaphragms of untreated rats. This finding agreed with other studies which reported that the migrating T. spiralis larvae were found in the liver prior to arrival into diaphragm (18) . However, no larvae were detected in the heart. Moreover, newborn larvae were also isolated from their kidneys. Administration of Dormectin and Ivermectin at the 10 th day post-infection revealed Table 6 . Effect of the tested Drugs when injected on the 35 th day post-infection on the impaired serum parameters induced by T. spiralis in rats ('n=5') a reduction in the number of larvae that succeeded in encysting in the diaphragms of infected rats in comparison with control non-treated animals. Other studies showed that Avermectins are recommended for field use because of their significant larvicidal activity (15) . No significant difference was detected in the number of migrating larvae between the control and Levamisolemedicated rats. Concerning the effect of drugs on the already encysted larvae; Dormectin Ivermectin and Levamisole failed to reduce their numbers in the diaphragms of infected rats when injected at the 35 th day post-infection. This observation is inconsistent with that recorded by other studies (8) . They found that Ivermectin efficacy against encysted T. spiralis larvae was 73.5% when injected 6 weeks post-infection. This disagreement might be due to the differences in the time of medication. T. spiralis infection significantly increased the activities of AST, ALT, levels of urea and creatinine as compared with the non-infected rats. These changes may be attributed to liver and kidney damage induced during migration of larvae. Hyperactivity of AST and ALT is indicative of hepatic damage, whereas the elevated levels of urea and creatinine in serum reflected the state of glomerular filtration and indicate kidney disease (10) . The present findings were supported by those previously recorded by others (19) where they observed lesions in the liver of rats infected with 500 T. spiralis larvae. They isolated the larvae from the liver during their migration. Moreover, newborn larvae were isolated from the kidney of rats (18) . Marked improvement in the values of the above mentioned parameters towards normal was observed after treatment with Dormectin and Ivermectin. The reduction in the activities of AST and ALT, and the decrease in the levels of urea and creatinine in serum of medicated rats may be due to their larvicidal activity. Since all animals under investigation were experimentally infected with T. spiralis only and free from any other parasites, the improvement of the altered parameters after Dormectin and Ivermectin-medications could be satisfactorily ascribed as due to the effect of both drugs on T. spiralis only. In rats treated at the 35 th day post-infection, the drastic reduction in total proteins and albumin could be attributed to liver involvement by metabolic products of nematodes and damage of the liver parenchyma during the migration of larvae (20) . Increased amount of globulin is a compensatory reaction to restore osmotic pressure in serum which is reduced as a result of low albumin content. This also may be due to increased formation of antibodies against the parasite or its metabolic products (21) . In conclusion, the present study suggested that Avermectins gave the most promising results at dosage levels and formulations. Consequently, Dormectin and Ivermectin can have continued practical application in controlling T. spiralis infection in animals.
